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INTRODUCTION

P
osterior capsular opacification (PCO) is a common complication of cataract surgery, induced by the epithelial-mesenchymal transition (EMT) of residual epithelial cells located around the equatorial regions of the lens capsule [1] . Numerous strategies have been attempted to suppress EMT, such as the use of anti-inflammatory drugs and antimetabolite agents, varying the design and materials of intraocular lens (IOL) [2] [3] [4] [5] . However, to date no successful preventative or therapeutic modalities have been developed. It has been demonstrated that transforming growth factor-β2 (TGF-β2) plays an important role in the development of PCO [6] . Previous studies have shown that Rho/Rho-associated protein kinase (Rock) activation is necessary for TGF-β-induced EMT in human lens epithelial cells (HLECs) [7] . Fasudil, which is an inhibitor of Rho-kinase, has been widely used to prevent the development of fibrosis in many tissues [8] [9] [10] [11] [12] [13] [14] . Miyamoto et al [12] found that fasudil inhibited tumor growth in head and neck squamous cell carcinoma. Zhou et al [14] also proved that fasudil suppressed liver fibrosis in diabetic nonalcoholic steatohepatitis. These studies have demonstrated the utility of fasudil for the treatment of diseases caused by a process of fibrosis.
In the present study, we investigated the effects of fasudil on the proliferation, migration and EMT of HLECs (line SRA01/04) in order to establish the potential value of fasudil as a treatment for PCO.
MATERIALS AND METHODS
Cell Culture SRA01/04, which was transformed via SV40 T-antigen [15] , was obtained from Jennio Biotech Company (Guangzhou, China Statistical Analysis All data were presented as mean±SD from three independent experiments. Statistical bilateral significance between two and multiple groups was calculated using Student's t-test or ANOVA. P values <0.05 were defined as significant.
RESULTS Prevention of the Proliferation in SRA01/04 Cells by
Fasudil Proliferation of SRA01/04 cells was inhibited by fasudil in dose-dependent and time-dependent manners ( Table 1) . The IC50 for 72h of fasudil on SRA01/04 proliferation was 22.37 μmol/mL. Reverse of TGF-β2 Induced Morphological Characteristics in SRA01/04 Cells by Fasudil When SRA01/04 cells were exposed to TGF-β2 and differentially supplemented with or without fasudil for 3d, microscopic examination of SRA01/04 cell morphology revealed a cobblestone-like appearance ( Figure 1A ). In contrast, cells cultured with TGF-β2 exhibited an elongated, fibroblast-like shape ( Figure 1B) . The morphological changes induced by TGF-β2 were noticeably suppressed when treated with fasudil ( Figure 1C) .
Inhibition of the Migration in SRA01/04 Cells by Fasudil
Scarification testing demonstrated that the migration of SRA01/04 cells was significantly reduced after the treatment of fasudil for 24-72h ( Figure 2 ). Under control conditions, the scrape wounds were nearly re-epithelialized at 48h and at 72h re-epithelialization of the previously cell-free areas was largely complete. In contrast, samples treated with fasudil continued to show large gaps at 72h.
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Inhibition of TGF-β2 Induced EMT in SRA01/04 Cells by Fasudil Through Rho/Rock Pathway
To investigate the effect of fasudil on the TGF-β2-induced EMT, the expression of Connexin43 (the epithelial cell marker) and the expression of α-smooth muscle actin (α-SMA; the mesenchymal cell label) was assessed using Western blot assay. Compared with the control group, TGF-β2 down-regulated the expression of Connexin43 protein and increased the expression of α-SMA protein ( Figure 3) . Furthermore, fasudil application prevented those changes. When exposed to the combination of TGF-β2 and fasudil, cells expressed more Connexin43 protein and less α-SMA protein than cells only exposed to TGF-β2 ( Figure 3 ). As shown in Figure 4A and 4B, after 20min of exposure to TGF-β2, the phosphorylation Rock/total Rock was significantly increased by 8.72±0.33 fold change (P<0.001). Downstream myosin light chain (MLC) activation was also assessed, phosphorylation of MLC was enhanced after 20min exposed to TGF-β2 by 3.39±0.18 fold change (P<0.001).
When exposed to fasudil, the phosphorylation state of Rock and MLC protein could not be activated ( Figure 4C, 4D) . The phosphorylation Rock/total Rock was 0.97±0.06 fold change (P>0.05) after 20min of exposure to TGF-β2 and fasudil. The phosphorylation MLC/total MLC was 1.16±0.15 fold change (P>0.05) after 20min of exposure to TGF-β2 and fasudil. DISCUSSION PCO is the most frequent complication of cataract surgery [16] . EMT is a phenotypic change widely associated with PCO [16] . Understanding how EMT affect the process of PCO is critical to furthering our knowledge of the pathophysiology of fibrosis in the lens tissue. Scientists have proved that many pathways, especially the Rho/Rock pathway, play important roles in the process of EMT [7] . Blockage of the Rho/Rock pathway may represent a means to prevent the development of PCO [17] . In this study we demonstrated the inhibitory effect of fasudil on TGF-β2-induced proliferation, migration and EMT of SRA01/04. Fasudil, an inhibitor of Rho-kinase, may be regarded as a potential agent to prevent PCO. Under the TGF-β2 treatment, it was shown that lens epithelial cells undergo EMT to produce myofibroblasts in vitro [18] .
Connexin43 is the epithelial marker, and α-SMA is the mesenchymal marker. In our model of lens EMT, TGF-β2 down-regulated the Connexin43 protein expression level, in contrast, up-regulated α-SMA protein expression level in SRA01/04 cells. This was consistent with previous studies [19] [20] . In addition, we demonstrated Rho/ROCK signaling pathway was required for TGF-β2-induced EMT of lens epithelial cells. Phosphorylation-Rho, the correlated protein of Rho/ ROCK pathway, was stimulated during the model of EMT. The downstream phosphorylation-MLC was also assessed to be activated in this study. Cho and Yoo [7] found that growth factors activated the Rho in HLEs, and Rho-kinase inhibitor blocked growth factor effects on the actin cytoskeletal organization [21] . Korol et al [18] suggested that TGF-β-induced cytoskeletal reorganization through Rho/ROCK/MRTF-A signaling is critical to EMT of lens epithelial cells. Maddala [21] demonstrated that different growth factors induced actin cytoskeleton reorganization and formation of cell-excetral cellular matrix (ECM) interactions in lens epithelial cells and this response of growth factors appeared to be mediated, at least in part, through the Rho/Rho kinase-mediated signaling pathway. These findings suggested that the Rho/Rock pathway was involved in TGF-β induction of EMT and acted to regulate the EMT of HLEs. Fasudil, a rho kinase inhibitor, exhibits its inhibitory effects on a host of cell types [22] . Fasudil has been shown to significantly inhibit proliferation of a mouse fibroblast cell line in vitro and in vivo [11] , and has demonstrated EMT inhibition effects on renal tubular epithelial cells [9] and hepatic cells [14] .
Yang et al [23] reported that fasudil inhibited proliferation and metastasis of small cell lung cancer. In the current study we found that fasudil inhibited the proliferation and migration of SRA01/04, and suppressed the EMT in this cell line. That inhibitory property of fasudil prompted us to investigate its 
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